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FIELD OF THE INVENTION 

5 The present invention relates to a method for determining a position of a mobile 
terminal in a mobile telecommunication network, e.g. a third generation (3G) 
mobile telecommunication network. 



BACKGROUND OF THE INVENTION 

10 The present invention relates to positioning in a mobile telecommunication 
network. A network supporting positioning is able to keep track of the position of 
the mobile terminals, also referred to as user equipment (UE) that are served by 
said network. Positioning is a feature offered by a mobile telecommunication 
network to support location-based services which is one of the most important 

1 5 applications of 3G networks. 

In figure 1, a Universal Mobile Telephony System (UMTS) is depicted. The UMTS 
network comprises a Core Network (CN) 100 that is connectable to other 
networks such as the Internet, other mobile networks e.g. GSM systems and 
fixed telephony networks denoted POTS in figure 1. The CN 100 connects to a 

20 plurality of Radio Network Controllers (RNCs) 102 via a lu interface 101. One 
RNC 102 is connected to another RNC 102 by another interface, the lur interface 
103. Furthermore, the respective RNC 102 controls a plurality of Node-Bs 104 
comprising one or more base stations 106 that is connected to the RNC by 
means of the lub interface 105. Each base station covers an area, i.e. a cell and 

25 is arranged to serve the mobile terminals within said cell. Finally, the mobile 
terminals 108, also referred to as User Equipments (UE) are connected to one or 
more base stations 104 by the Uu interface 107. 

The present invention relates to all mobile telecommunication systems that 
comprises an interface, such as an lur interface, between the radio network 
30 controlling vmits of the system. Thus, the present invention is not limited to a 
UMTS system and the protocols as described. 
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A comparatively simple method for providing positioning is to apply an identity of 
the cell, e.g. the cell-ID, and more precisely a description of the geographical area 
covered by the cell, e.g. the Geographical Area Information (GAI), that is related 
to the cell-ID, to retrieve the location of the UE. The GAI identifies the 
5 geographical area of a cell and is represented by a polygon. This implies that the 
location of a UE 108 can be determined by identifying the cells, or one of the 
cells, where the UE 108 is currently located and by associating the identity of the 
cell or cells with the GAI. It exists signalling support for this method over the lur- 
interface in UMTS Terrestrial Radio Access Network (UTRAN), while it is assumed 

10 that signalling support over the lub-interface is not required since each 
controlling-Radio Network Controller (C-RNC) should have extensive knowledge 
of the cells that it controls. The UTRAN interfaces lur and lub as well as the C- 
RNC will be further described below. That results in that the coverage area of the 
cell is mapped on geographical coordinates and the precision of the position of 

1 5 the UE is limited to the area of the cell. 

More advanced solutions would be to adopt more complex positioning methods 
such as Observed Time Difference Of Arrival (OTDOA) or Assisted Global 
Positioning System (A-GPS). The main drawback for both of these solutions is 
their inherent complexity at implementation in a mobile comimunication system. 

20 Both A-GPS and OTDOA require GPS receivers in the network, and new 
measurements are required. Another drawback with A-GPS is that it may not 
work in indoor scenarios due to poor coverage of the satellites. Furthermore, 
OTDOA requires a sufficiently high number of node-B pairs available in order to 
achieve good accuracy of the position, since the UEs measure the relative timing 

25 difference between pairs of Node Bs. The accuracy of the position increases with 
the number of measurements. Another drawback is that a UE only can listen to 
one UE at a time. Good accuracy can thus theoretically be obtained by using idle 
periods in the downlink (IPDL). However, implementation of IPDL has hardware 
impacts and adds further complexity to the method. 

30 Moreover, there is a tendency to design modem communication networks as 
distributed systems, which inter alia implies a distinction between network 
resources on the one hand and commimication connections on the other hand. 
Resources may refer to, e.g., the various hardware components that are applied, 
and, for CDMA-based commimication systems, the transmission power level and 

35 channelisation codes. In such systems it is common that different logical as well 



wo 03/088701 PCT/SE03/OOS64 




as physical units control different parts of the network. One unit is e.g. 
responsible for the control of a communication connection while another unit is 
responsible for the control of the resources that said communication connections 
use. This will now be illustrated by means of figure 1. The figure 1 shows a part 
5 of a UMTS Terrestrial Radio Access Network (UTRAN) 10, which can serve as an 
example of a distributed network as described above. Radio Network Controllers 
(RNC) 102a, 102b perform the control of communication connections and 
network resources respectively of the base stations 104a- 104d and are 
responsible to provide connections to the Core Network 100. The RNCs 102a, 
10 102b are cormected to Node-B:s 104a- 104d, wherein one Node-B comprises one 
or more radio base stations 106. Each base station 106 controls the UEs within 
its covered cell area. Due to the above-mentioned distinction, the RNC can have 
various roles: Regarding network resources, the RNC 102b acts as a controlling 
RNC (C-RNC) that is responsible for the control of resources of a part of said 
15 network including a number of cells, each of which serving a plurality of UEs 
108. Regarding the conmiunication connections, an RNC 102a, 102b acts as the 
serving RNC (S-RNC) for those connections that terminates in that RNC. 
However, when a UE 108 moves during an ongoing session from a first RNC 
102a, which is the S-RNC for the corresponding communication connection, to a 
20 neighbouring RNC 102b, the original RNC 102a still remains the S- RNC for this 
connection while the second RNC 102b, which is in control of the resources that 
this coimection uses, is a drift RNC (D-RNC) that supports the S-RNC 11a with 
the necessary radio resources; however, without any influence on said 
connection. Thus, the D-RNC controls at least one cell that is used in a radio 
25 connection controlled by a serving RNC and supplies the S-RNC with resources. 

Thus, it is a problem^ as previously described, that positioning information, that 
only is based on the cell-ID, is not accurate enough and may hence imply 
disadvantages for services where a more exact location of the UEs is required. 

Another problem is that a S-RNC cannot get sufficient positioning information of 
30 a UE that has roamed during an ongoing session to a D-RNC, which provides 
network resources for said UE, while the S-RNC still controls the connection of 
said UE. 
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SUMMARY OF THE INVENTION 

Therefore, it is a first object of the present invention to achieve a method and a 
system for providing an improved positioning information of UEs served by a 
communication network. 

5 It is a second object of the present invention to achieve a method for providing 
such positioning information to an appropriate network controller unit, e.g. a 
serving RNC that does not provide the UE with network resources but only 
controls the connection to the UE. 

The above-mentioned objects of the present invention are achieved by the 
10 inventive features that are stated in the accompanying claims. 

The method in accordance with the present invention makes it possible to 
provide a first radio network controlling unit with positioning information for a 
mobile terminal wherein the mobile terminal is located within a cell and served 
by a radio base station whose resources are controlled by a second Radio 

15 network controlling unit. The cell is identifiable by means of a cell Geographical 
Area Information (GAI). The method comprises the step of transmitting the Cell 
Portion GAI, which is associated with the cell portion (23) being a portion of the 
cell wherein the mobile terminal (22) is located, from a second radio network 
controlling unit (102b) that controls the resources of said radio base station (21) 

20 to the first radio network controlling unit (102a) that controls the cormection of 
said radio base station (21) to the mobile station (22). 

The resource controlling radio network controlling unit in accordance with the 
present comprising means for associating the cell portion, being a portion of the 
cell wherein the mobile terminal is located, with a Cell Portion GAI, and means 
25 for transmitting the Cell Portion GAI to the connection controlling radio network 
controlling unit that controls the cormection of said radio base station to the 
mobile station achieves the above mentioned objects. 

The connection controlling radio network controlUng unit in accordance with the 
present invention comprising means for receiving positioning information from a 
30 resource controlling radio network controlling unit for a mobile terminal, wherein 
the received positioning information is a Cell Portion GAI associated with the cell 
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portion, being a portion of the cell whereia the mobile terminal is located, 
achieves the above mentioned objects. 

The mobfle telecommunication network in accordance with the present invention 
comprising the above mentioned connection controlling radio network and the 
5 above mentioned connection controlling radio network controlling unit for 
performing the steps of the above mentioned method, makes it possible to 
provide said connection controlling radio network with an improved positioning 
information of UEs served by said network. 

An advantage with the present invention is that it can utilise beamforming, 
10 which mainly is introduced to gain system capacity. Thus, the beamforming is in 
accordance with the present invention also used to improve the accuracy of the 
Cell-ID based positioning method. 

It is another advantage of the present invention that the additional information 
15 can reuse design efforts that already have been invested for mapping a cell-ID to 
a geographical area information. 

Other objects, advantages and novel features of the invention will become 
apparent from the following detailed description of the invention when 
considered in conjunction with the accompanying drawings and claims. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding, reference is made to the following drawings and 
preferred embodiments of the invention. 

Figure 1 shows a part of a UMTS network as an example wherein the present 
25 invention may be implemented and as an example of a distributed network. 

Figure 2 shows a part of a UMTS Terrestrial Radio Access Network (UTRAN). 
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DETAILED DESCRIPTION 

Figure 1 shows a UMTS network which is an example of a communication 
network wherein the method and system according to the present invention may 
be implemented. 

5 The first object of the present invention is achieved by providing additional cell 
information to a radio network controlling unit, a S-RNC, in order to achieve a 
more accurate positioning of a UE e.g. compared to the cell-ID based positioning 
method of prior art as previously described. The additional information is in 
accordance with the present invention an identity of a cell portion, a Cell portion 

10 Geographical Area Identity (GAI). The Cell Portion GAI is defmed in a similar way 
as the already standardised GAI and allows a more accurate positioning of the 
UE when applied together with said standardised GAI. A more accurate 
positioning implies thus a reduction of the area within which the UE is 
determined. Thus, a cell is divided into at least two Cell Portions in accordance 

1 5 with the present invention. 

In accordance with one embodiment of the present invention, the cell portion 
GAI is obtained by applying beamforming antennas. Bearaforming antennas is 
an array of antennas that forms one or several directed beams within the cell. 
Each anteima has controlled beam directions. By using the beamforming 
20 antexmas, a better radio resource management is achieved, wherein an example 
is an increase of the system capacity. 

Beamforming antennas is further discussed in the following. The UE can be 
instructed to use three different downlink dedicated physical chaimels as phase 
references: the Primary Common Pilot Charmel (P-CPICH), which is broadcasted 

25 over the entire cell, a secondary Common PUot Channel (S-CPICH), which may be 
broadcasted only over a part of the cell, i.e. there may be zero, one or several S- 
CPICH:s per cell, or dedicated pilots, i.e. a phase reference that is transmitted 
within the downlink dedicated physical channels. In case of beamforming, 
independent from being the phase reference for the beams a S-CPICH or 

30 dedicated pilots, fixed or flexible beams can be used. When fixed beams are used 
the coverage area of the beams are fixed. When flexible beams are used, a beam 
could, e.g.. follow a UE. 
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In accordance with one embodiment of the present invention, the radio base 
station estimates the gaia that can be achieved by beamforming and indicates 
that higher resource availability can be achieved to the C-RNC at a system 
initialisation. The admission/ congestion control of the C-RNC would be based on 
5 the achieved higher resource availability. There is no problem as long as the UEs 
are sufficiently randomly distributed over the different beams. However, when 
the distribution of the UEs becomes less optimal, the base station might have to 
indicate a lower resource availability to the C-RNC. This could be achieved, e.g., 
by letting the base station radicate a lower DL-power capability to the C-RNC and 
10 possibly adjusting the consumption laws. 

When the radio base station establishes a radio link, the radio link will at first be 
established in a sector beam, i.e. a beam covering the entire cell, and when radio 
base station has received information regarding the strongest directed beam, the 
radio base station can instruct the UE to re-tune to said strongest directed 
15 beam. 

In the above-mentioned embodiment of the present invention, beamforming 
antennas are adopted in such a way that the S-RNC receives information of in 
which beam of a certain cell the UE is located, even when the UE is using radio 
resources controlled by a D-RNC. That information is transmitted over the lur 

20 interface from the D-RNC to the S-RNC. As the beam coverage is selective, the 
resource controlling D-RNC is able to identify the position of a UE, by 
determining which of the antenna beams that covers the UE. The antenna beams 
■ are characterised by a number of geographical location points corresponding to 
the Cell Portion GAI in accordance with the present invention. Hence, the area of 

25 the cell portion corresponds to the area covered by the beam. The cells in the 
mobile network could thus be divided into areas that respectively corresponds to 
different areas covered by different beams. The division of the area of the entire 
cell into cell portions does not have to be fixed. In the case of flexible antenna 
beams, the UE is located in the same Cell Portion even if the UE moves within 

30 the cell. However, the Cell Portion GAI changes as the UE moves since the 
antenna beam follows the UE. 

The resource controlling RNC can distinguish the different beams by means of 
the different phase references provided by S-CPICH:s or by dedicated pilots. 
Apparently, the accuracy will increase for smaller beam coverage areas, i.e. the 
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accuracy depends on the number of beams per cell. Figure 2 shows an example 
of a cell 20 covered by a Radio Base Station 21 providing eight beams 23 each of 
which covering 1/8 of the cell. It should be noted that the radio base station 21 
may correspond to the radio base station 106h of figure 1. Thus, compared to 
the solution according to the state-of-the-art that only bases the positioning on 
the cell-ID, this embodiment according to the present invention is able to locate 
a UE 22 in an area 23 that is 8-times less than the cell area 20. It is one 
advantage of the solution according to this embodiment that it is comparatively 
easy to implement. Another advantage of this solution is that the design effort 
that already has been invested for cell planning, including a mapping of each cell 
with a geographical area identity in order to achieve the geographical coordinates 
of the cell, can be reused for the planning of the beam coverage areas by means 
of using the same planning tools. 

Thus, the second object of the present invention is achieved by providing the S- 
RNC the additional information, the cell portion GAI, that can be used by the S- 
RNC to identify a reduced area within which the UE is located when the lur- 
interface is deployed. A higher accuracy can hence be achieved by providing 
support for signalling of the additional information over the lur-interface. That 
can be performed by introducing a new information element comprising the Cell 
Portion GAI to the Radio Network Subsystem Application Part (RNSAP)-protocol. 
The RNSAP protocol is used for communication between a S-RNC and a D-RNC 
when the UE has resources controlled by a D-RNC and these are either the only 
resources or the resources with the best quality. 

The information element comprising the Cell Portion GAI is included in a data 
field in any of the messages that are sent from the D-RNC to the S-RNC, e.g. 
the Radio Link Setup Response, the Radio link Addition Response, or Uplink 
Signalling Transfer messages, according to the present invention, in addition to 
the already standardised Cell GAI. 

Thus, the method in accordance with the present invention comprises the step 
of: 

Transmit the Cell Portion GAI, which is associated with the cell portion (23), with 
a Cell Portion GAI, from the radio network controlling unit that controls the 
resources of said radio base station to the radio network controlling unit (102a) 
that controls the connection of said radio base station to the mobile station. 
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The method may be implemented by a computer program product directly 
loadable into the internal memory of a radio network controlling unit 102a, 
102b in a mobile telecommunication system, comprising the software code 
portions for performing the steps of said method. The computer program 
5 product may be stored on a computer usable medium, comprising readable 
program for causing a computer, within a radio network controlling unit 102a, 
102b in a mobile telecommunication system, to control an execution of the 
steps of said method. 

In general, the method according to the present invention may be applied for 
10 other kinds of positioning support and is thus not restricted to the above 
mentioned embodiment. Instead, the inventive method may be modified within 
the scope of the claims to be applicable in conjunction with other ways of 
defining appropriate cell portions. The cell portion is an area provided by the D- 
RNC, which could have it preconfigured or dynamically calculated where 
15 information on said cell portion is transmitted over the lur-interface without the 
S-RNC ordering any measurement to the D-RNC. 

The method according to the present invention may be used as a startrag point 
for positioning support that gives better accuracy compared to the cell-ID based 
method but without increasing complexity where said initial measurement can 
20 then be refined, if necessary, by more complex methods, e.g. OTDOA or A-GPS. 

In the drawings and specification, there have been disclosed typical preferred 
embodiments of the invention and, although specific terms are employed, they 
are used in a generic and descriptive sense only and not for purposes of 
limitation, the scope of the invention being set forth in the following claims. 



